^/)-^ /o/o3/, oS7 




Europaisch s Pat ntamt 
Europ an Patent Offic 
Offic europeen d s brevets 



(]]) Publication number: 



52S 235 



B1 



® 



EUROPEAN PATENT SPECIRCATION 



® Date of publication of patent specification: 10.12.86 

Application number: 80900610.9 

® Date of filing: 28.03.80 

(S) international application number: 
PCT/JP80/00053 

(§) International publication number: 
WO 80/02143 16.10.80 Gazette 80/23 



® int CI.*: C 08 F 38/02, C 08 F 4/60, 
C 08 F 2/06, C 08 J 9/28, 
B 29 C 43/00 //H01B1/12 



® Process for molding an acetylene high polymer and process for fabrication ttiereof. 



m 

m 

€V1 



(S) Priority: 29.03.79 JP 36283/79 
29.03.79 JP 36288/79 
25.04,79 JP 50244/79 
04.05.79 JP 54017/79 
04.05.79 JP 54018/79 

® Date of publication of application: 
08.04.81 Bulletin 81/14 

® Publication of the grant of the patent: 
10.12.86 Bulletin 86/50 

(R) Designated Contracting States: 
FR 

(§) References cited: 
JP-B-32010 597 
US-A-4228060 

Montecatini Societa General Pell Randastlla 
Mlneralia e CImica 

JOURNAL OF POLYMER SCIENCE, VoL 12, no. 
1, January 1974, TAKEO ITO et al.: 



The file contains technical information 
submitted after the application was filed and 
not included In this specification 



@ Proprietor: SHOWA DENKO K.IC 
13-9, Shiba Daimon 1-chome 
MInato-ku, Tokyo 105 (JP) 



® 



(3) 



(g) 



Inventor: KOBAYASHL Yuklo 
2-12-16, Fujigaoka. iVIIdoriku 
Yokohama-shi, Kanagawa 227 (JP) 
Inventor: SHIRAKAWA, Hidekl 

1- 43-6, Fujigaoka, iVildorl-ku 
Yokohama-Shi Kanagawa 227 (JP) 
Inventor: IKEDA^Sakujl 

2- 23-16, Denenchofu 
Ohta-ku, Tokyo 145 (JP) 



Representative: Lepeudry-Gautherat, Therese 
etal 

Armengaud Jeune Cabinet Lepeudry 23 
boulevard de Strasbourg 
F-75010 Paris (FR) 



References cited: 

"Simultaneous Polymerization and Formation 
of Polyacetylene Film on the Surface of 
Concentrated Soluble Zlegler-Type Catalyst 
Solution', pages 11 -20 



Bjyi 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may 
give notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall 
be filed in a written reasoned statement. It shall not be deemed to have been fifed until the opposition fee has been 
paid. (Art. 99(1 ) European patent convention). 



Courier Press. Leamington Spa, England. 



0 026 235 



Description 



This invention relates to a process for molding a gel-like connposition of an acetylene high polymer and 
to a process for producing a porous acetylene from a gel-like composition comprising an acetylene high 
5 polymer. Molded articles of an acetylene high polymer obtained from these products are useful as oraanic 



Background art 

It has already been known that a high polymer of acetylene obtained by polymerizing acetylene using a 
ro Ziegler-Natta catalyst composed of a transition metal compound of a transition metal compound and an 
organometallic compound is useful as an organic semi-conductor material useful as an electronics or 
electrical element. However, since the acetylene high polymer so obtained does not melt even when 
heated, and readily undergoes oxidative degradation under heat, it cannot be molded by molding methods 
normally used for thermoplastic resins. Furthermore, no solvent has been found as yet which dissolves the 
15 acetylene high polymer. Accordingly, the production of practical molded articles of the acetylene polymer 
has previously been limited to the following two methods. 

(a) A method comprising press-forming a powdery acetylene high polymer. 

(b) A method which comprises introducing gaseous acetylene into a catalyst solution prepared by 
dissolving a catalyst system composed of a transition metal compound and an organometallic compound 

20 in an aromatic hydrocarbon such as toluene or an aliphatic hydrocarbon such as hexadecane, and 
polymerizing the acetylene on an interface between the acetylene gas and the catalyst solution, or 
polymerizing acetylene on that surface of the wall of a glass vessel which is coated with the catalyst 
solution, thereby to produce a film-like or fibrous acetylene high polymer (Japanese Patent Publication No. 
32581/73). In order to obtain a film-like or fibrous acetylene high polymer by this method, it is essential to 

25 use more than 0.1 mole of the transition metal compound per liter of the polymerization solvent. 

The method (a) gives only a molded article having low mechanical strength. According to the method 
(b), the form of the resulting polymer is limited to a film-like or fibrous form, and its thickness is limited. 
Thus, only a film-like or fibrous molded article having a small thickness can substantially be obtained. 

(c) It is also known that polymerization of acetylene in hexane solvent using a special catalyst, \i - 
30 in :n - cyclopentadienyl) - tris{r) - cyclopentadienyl) - dititanium {Ti— Ti) [{CBH4)a(CsHa)3Ti2], gives a 

gel-like acetylene high polymer (S. L. Hsu et al., J. Chem. Rhys., 69 (1), 106 — 111 (1978)]. 

However, because the catalyst used in this method is very special, the cost of the catalyst is high. 
Moreover, a powder or a hard mass forms In addition to the gol-IIke acetylene high polymer, and 
press-forming the resulting polymerization product canndt give a uniform molded article of acetylene' high 
35 polymer having high mechanical strength. 

In Journal of Polymer Science vol. 12 n'' 1— Jan 1974 pp 11—20, a direct method of simultaneously 
polymerizing an acetylene monomer to produce uniformly thin films of polyacetylene is disclosed. This 
method is not earned out under mechanical stirring: a film is formed on a quiescent surface of the catalyst 
solution or on the glass wall of the flask on which the catalyst solution is attached. Furthermore there is no 
40 mention of a process for molding by compression and of a porous acetylene. 

Disclosure of the invention 

The present inventors extensively investigated a process for producing an easily moldable acetylene 
high polymer and a process for processing the acetylene polymer; which are free from the prior art's defect 
45 that the method (a) cannot give molded articles having sufficient mechanical strength, the method (b) can 
give an acetylene high polymer having high mechanical strength, but there can only be obtained a film-like 
or fibrous molded article having a small thickness, and that in the method (c), the cost of the catalyst 
becomes high because the catalyst used is special, and since a uniform gel-like product cannot be obtained, 
molding of the product cannot afford a molded article having sufficiently high mechanical strength. This 
so investigation has led to the present invention. 

Thus, the present invention pertains to (1) a process for molding a high polymer of acetylene, which 
comprises pressing a geMike material composed to 5 to 95% by weight of an acetylene high polymer 
having a fibril structure and 95 to 5% by weight of an organic solvent. 

Advantageously, the pressing or press-forming is carried out at a temperature of not more than 1 0OX. 
ss Preferably, the press-forming is carried out at a pressure of at least 1.0 kg/cm* (0.1 MPa). 

Advantageously, the organic solvent is an aliphatic or aromatic compound selected from 
hydrocarbons, halogenated hydrocarbons, ethers, carboxyiates esters, acid anhydrides and ketones. 

The present Invention also pertains to (2) a process for producing a porous acetylene high polymer 
which comprises lyophilizlng a gel-like composition composed of 1 part by weight of an acetylene high 
60 polymer having a fibril structure and 1 to 1,000 parts by weight of an organic solvent. 

Advantageously, the organic solvent has a freezing point of -50 to 50"C. 

Preferably, the organic solvent is benzene, orthodlchlorobenzene, cyclohexanone, benzyl alcohol, 
benzonitrile, diethylene glycol, methyl salicylate, formamide, nitrobenzene, cyclohexane, formic acid 
dioxane, m-cresol, p-xyl ne or acetic acid. 
€5 Moreover, since th porous acetylen high polymer has a fibril structure, the resulting molded article 
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also has high mechanical strength and is very useful industrially. The gel-like material, as referred to in the 
present invention, denotes an assembly of entangled fibrous microcrystals (fibrils) of a high polymer of 
acetylene which are swollen with a solvent, and essentially differs from an ordinary crosslinked gel. 

5 Best mode of practising the invention 

The transition metal compound containing at least one transition metal of Groups iVa, Va, Via and Vlll 
of the periodic table which is used as a polymerization catalyst in the present invention specifically includes 
compounds of titanium, vanadium, chromium, iron, cobalt, tungsten and molybdenum which have a 
halogen atom or an alkyl group, alkenyl group, aryl group, aralkyl group, alkoxide group, phenoxide group 

JO or carboxylic acid residue each having at most 20 carbon atoms, a cyclopentadtenyl group, an 
acetylacetone residue or carbon monoxide (carbonyl group), and complexes of these compounds with 
electron donor compounds such as pyridine, triphenylphosphine and dipyrtdyl. 

Among the transition metal compounds, titanium, vanadium, iron, chromium and cobalt compounds 
are preferred, and the titanium compounds are especially preferred. . 

15 Transition metat compounds of general formulae (1) to (111) may be cited as typical examples of the 
preferred transition metal compounds. 

Ti(0R)4 (1) 
wherein R represents an alkyl or aryl group having at most 20 carbons atoms. 

20 

M(acac)3 (II) 



MOCacac), (111) 

25 [(acac) represents an acetylacetonate group, and M represents a transition metal, titanium, vanadium, 
chromium or cobalt). 

Typical examples of the transition metal compounds include tetramethoxy titanium, tetraethoxy 
titanium, tetra-n-propoxy titanium, tetraisopropoxy titanium, tetra-n-butoxy titanium, tetraisobutoxy 
titanium, tetraoctadecyloxy titanium, tetraphenoxy titanium, trisacetylacetonatotitanium, trisacetyl- 
3o acetonatovanadium, trisacetylacetonatoiron, trisacetyiacetonatochromium, trisacetylacetonatcobalt, 
titanium oxyacotylacetonate and vanadium oxyacetylacetonate. 

The organometallic compound used in this invention is an organometaltic compound having at least 
one metal selected from metals of Groups lla, lib, illb and IVb of the periodic table. Some of such 
compounds are expressed by the following formula 

35 

MR„ 

wherein M represents a metal of Groups lla, lib, illb or IVb, of the periodic table, R represents a hydrogen 

atom, a halogen atom, or an organic group selected from the class consisting of alkyl groups, alkenyl 
40 groups, aryl groups, aralkyl groups, alkoxide groups, a phenoxy group and a cyclopentadieneyl group 

having up to 20 carbon atoms, two or more R's may be identical or different but at least one of them is a 

hydrogen atom or the organic group, and n is a positive integer equal to or smaller than the maximum 

atomic valence of the metal. 

Examples of the other organometallic compounds are complexes of the above organometallic 
45 compounds with an equimolar proportion of pyridine, triphenylphosphine or diethylether, the reaction 

products formed between 1 mole of the above organometallic compounds and at most 2.0 moles of water, 

and double salts of two of the above organometallic compounds. 

Typical examples of the organometallic compounds used in this invention are organometallic 

compounds having magnesium, calcium, zinc, boron, aluminum, potassium, silicon and tin. The 
50 organometallic compounds of magnesium, zinc, aluminum and tin are preferred, and the organoaluminum 

compounds are especially preferred. 

Typical examples of the organoaluminum compounds are triethyl aluminum, triisobutyl aluminum, 

trihexyl aluminum, diethyl aluminum chloride, di-n-butyl aluminum chloride, ethyl aluminum 

sesqulchloride, diethyl aluminum butoxide and the reaction product of triethyl aluminum and water (in a 
55 mole ratio of 1:0.5). Other organoaluminum compounds include aluminum-siloxalene compounds, 

alumlnum-amlde compounds, dialumoxane compounds and double* salts containing the aforesaid 

organoaluminum compounds. 

The aluminum-siloxalene compounds used as the organometallic compounds in this invention are 

expressed by the following general formula 

so 

R^ R* 

\ / 
R*— Si— O— Al 

/ \ 

65 R' R» 
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wherein R', and may be identical or different, and represent a halogen atom or an alkyl or alkoxy 
group having at most 10 carbon atoms, R* represents an aikyl group having at most 10 carbon atoms, and 
R* represents a halogen atom, an alkyl or alkoxy group having at most 10 carbon atoms, or a substituent of 
the general formula 



5 




wherein R^, and R® may be identical or different, and have the same definitions as R\ R^ and R\ and n is 
a positive integer of not more than 10. 

Typical examples of the aluminum-siloxalene compounds used in this invention include trimethyl- 
75 dimethylsiloxaleno, trimethyldiethyl-siloxalene, trimethyldi-n-propyl-siloxalene, trimethyl-diisobutyl- 
siloxalene, trimethyldioctyl-siloxalene, trichlorodimethyl-siloxaiene, dimethylethyldiethyl-siloxalene, 
trimethoxydimethyl-siloxalene, triethyldimethyl-siloxalene, trimethyldi-methoxy-siloxalene, and 
trimethoxydichloro-siloxalene. 

The aluminum-amide compounds used as the organoaluminum compound in this invention are 
20 expressed by the following general formula 

R» R' 

\ / 
N— Al 

25 / \ 

R* R* 



wherein R', and R^ may be identical or different, and represent a hydrogen atom or an alkyl group having 
at most 10 carbon atoms, and R^ represents a halogen atom or an alkyl group having at most 10 carbon 
30 atoms. 

Typical examples of the atuminum-amide compounds used In this invention are diethylaluminum 
dimothylamide, diethylaluminum diethylamide, dimethylaluminum dimethylamide, dimethylaluminum 
di-n-butylamide, diethyl aluminum di-n-butytamide, dichloroaluminum dimethylamide, dimethyl- 
aluminum dioctylamide, diisobutyl aluminum di-n-butylamide and dihexylaluminum dioctylamide. 
3s The dialumoxane compounds used as the organometallic compounds in thisjnvention are expressed 
by the following general formula 

R' R» 
\ / 
Al— O— Al 

40 / \ 

R* R* 

wherein R\ and may be identical or different, and represents a halogen atom or an alkyl or alkoxy 
group having at most 10 carbon atoms, and R* represents an alkyl group having at least 10 carbon atoms. 

45 Typical examples of the dialumoxane compounds used In this invention are tetramethyl dialumoxane, 
tetraethyl dialumoxane, tetralsobutyl dialumoxane, 1,1-dimethyl-3,3-diethyi dialumoxane, tetraisobutyl 
dialumo)^ane, 1,1-dimethyl-3,3-dilsobutyl dialumoxane, tetradecyl dialumoxane, chlorinated trimethyl 
dialumoxane and chlorinated triethyl dialumoxane. 

Typical examples of the organometallic compounds used in this invention other than the 

50 organoaluminum compounds are diethyl magnesium, ethyl magnesium chloride, methyl magnesium 
iodide, allyl magnesium chloride:n-propyl magnesium chloride, tertiary-butyl magnesium chloride, phenyl 
magnesium bromide, di phenyl magnesium, ethylethoxymagnesium, dimethyl zinc, diethyl zinc, diethoxy 
zinc, phenyl iodide calcium, dibutyl chloride boron, diborane, trimethyl boron, triethylsilane, silicon 
tetrahydride, triethyl silicon hydride, tetramethyl tin, tetraethyl tin, trimethyl tin chloride, dimethyl tin 

55 dichloride, hydrogenated trimethyl tin, a complex of brominated ethyl magnesium and ethyl ether, and the 
reaction product of diethyl zinc and water (H2O/Zn(CaHe)a<2.0 <mole ratioH. 

Double salts of two of the above organometallic compounds (such as lithium aluminum tetrahydride, 
calcium tetraethyl zinc) may also be cited as the organometallic compound used in this Invention. 
In performing the present invention, these organometallic compounds may be used alone or in a 

60 combination of two or more. 

The ratio of the organometallic compound to the transition metal compound varies depending upon 
the types and amounts of the transition metal compound and organometallic compounds used, the 
conditions for aging the catalyst system, the polymerization conditions, etc. Generally, the mole ratio of the 
organometallic compound to the transition metal of the transition metal compound is from 1 to 100 

65 preferably from 1 to 50, especially preferably from 1 to 25. 
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The yield of the polymer, the rate of polymerization, etc. may be controlled by using a third component 
in combination with the transition metal compound and the organometallic compound as required. Typical 
examples of the third component are oxygen-containing compounds such as alcohols, peroxides* 
carboxylic acids, acid anhydrides, acid chlorides, esters and ketones. Nitrogen-containing compounds, 
5 sulfur-containing compounds, halogen-containing compounds, molecular iodine and Lewis acids can also 
be used. 

The polmerization solvent used in this invention may be any organic solvent which is inert to the 
catalyst system and is liquid during the polymerization. Typical examples are aromatic or aliphatic 
hydrocarbons, halogenated hydrocarbons, ether compounds, alicyclic compounds, and oxygen-containing 
70 heterocyclic compounds. Specific examples of these compounds are benzene, toluene, xylene, 
ethylbenzene, methylphenyl ether (anisole), ethylphenyl ether, diphenyl ether, dimethoxybenzene, 
1,3,5-trimethoxy benzene, chlorobenzene, dlchlorobenzene, pentane, hexane, heptane, octane, nonane, 
decane, dodecane, cyclohexane, tetrahydrofuran, dloxane, diethyl ether, and ethyl methyl ether. 

These polymerization solvents may be used singly or as a mixture of two or more. 
;5 In order to obtain a uniform gel-like material of the acetylene high polymer of this invention, 
polymerization of acetylene should be performed by using the transition metal compound in a 
concentration of 0-0001 to 0.1 mole, preferably 0.001 to 0.1 mole, especially preferably 0.01 to 0.1 mole, per 
liter of the polymerization solution. When the concentration of the transition metal compound exceeds 0.1 
mole per liter of the polymerization solution, the resulting gel-like material is difficult to mold. On the other 
20 hand, if the concentration of the transition metal compound is less than 0.0001 mole per liter of the polymer 
solution, a greater part of the acetylene high polymer becomes powdery. 

The catalyst solution may be uniform or non-uniform, but from the viewpoint of the ease of catalyst 
removal, the catalyst solution is referably uniform. 

The polymerization temperature is not particulariy restricted. Usually, it is preferably from -lOO^'C to 
25 300"C, and for ease of handling, it is especially preferably from -80"C to 200*0. 

The temperature at which the transition metal compound contacts the organometalllc compound, and 
the conditions for aging the catalyst system cannot be definitely determined because they depend upon the 
types and amounts of the catalyst components used. The contacting temperature is usually from —80 to 
100*C. If desired, the catalyst system can be aged before the initiation of polymerization of acetylene, and 
30 the aging temperature is usually from —20 to lOOX. 

There is no particular restriction on the order of adding the transition metal compound, the 
organometalllc compound and acetylene gas to the polymerization solvent. For example, they may be 
added in the following orders. 

35 (1) The transition metal compound, the organometalllc compound, acetylene. 

(2) Acetylene, the transition metal compound, the organometalllc compound. 

(3) The transition metal compound, acetylene, the organometailic compound. 

The polymerization may be performed while the polymerization solution is kept stationary, or while it 
40 is being mechanically stirred. 

In the present invention, the three-dimensional structure of the acetylene high polymer can be 
controlled by the polymerization temperature, and the conditions for preparation of the catalyst- system. 
Generally, when the polymerization temperature is low, an acetylene high polymer having a high cis 
content and being flexible is formed. When the polymerization temperature is higher, an acetylene high 
45 polymer having a higher trans content is formed. There is no particular restriction on the pressure of 
acetylene gas at the time of polymerization, but for practical purposes, it is preferably not more than 1 MP.a 
(10 atmospheres). 

The polymerization cart be performed by employing a procedure of feeding acetylene gas to the 
surface of the polymerization solution, or by a procedure of directly introducing acetylene gas into the 
50 polymerization solution. 

The catalyst may be removed from the resulting gel-like material containing the acetylene high 
polymer by an ordinary removing method, for example, by washing the polymerization product with an 
organic solvent capable of dissolving the catalyst The product, however, may be used without particularly 
removing the catalyst 

55 The resulting uniform gel-like material of acetylene high polymer may be easily press-formed Into .a 
uniform molded article having a desired shape and thickness and high mechanical strength. 

The resulting acetylene high polymer is of a fibrous microcrystalline (fibril) structure. The acetylene 
high polymer having a fibrous microcrystalline (fibril) structure as used in this invention denotes a linear 
crystalline high polymer of acetylene consisting of a random assembly of fibrous microcrystals having a 

60 diameter of 2 * 10~^ for 6 • 10'^ urn (200 to 600 A) and connprising a chain of els or trans conjugated double 
bonds. 

The gel-like material used in this invention in the process for producing a porous acetylene high 
polymer having a fibril structure which comprises lyophilizing a gel-like material of acetylene high polymer 
having a fibril structure containing an organic -solvent having a freezing point of —50 to 50"C. may be a 
65 gel-like material composed of an acetylene high polymer having a fibril structure and an organic solvent 
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which is prepared by any method. A specific example of the method of preparation may be the process of 
this invention, but is not limited to this process alone. The cisitrans ratio in the acetylene high polymer may 
be any desired ratio. It is necessary that the organic solvent in the gel-like material is composed of an 
organic solvent which has a freezing point near room temperature at least during lyophllization. 

5 The organic solvent, as used herein, is an organic solvent having a freezing point of -50 to SO^C, 

preferably -30 to 20*^0. Organic solvents having a freezing point outside the aforesaid range may be used! 
but this is industrially disadvantageous because the cost of installation for (yophilization becomes high.' 

Typical examples of the aforesaid organic solvent include ortho-dichlorobenzene, cyclohexanono, 
benzyl alcohol, benzonitrile, diethyleno glycol, methyl salicylate, formamide, benzene, nitrobenzene' 

10 cyclohexane, formic acid, dioxane, meta-cresol, para-xylene and acetic acid. The organic solvent is used as 
a polymerization solvent in the production of acetylene high polymer. Or acetylene is polymerized in an 
organic solvent other than the aforesaid organic solvents, then a greater part of the organic solvent in the 
resulting gel-like material of acetylene high polymer is replaced by any one of the aforesaid organic 
solvents, and then the product is lyophilized. As a result, there can be produced a porous acetylene high 

75 polymer in which the shape and dimension inherently possessed by the acetylene high polymer In the 
gel-like material are substantially retained. 

The amount of the organic solvent in the gel-like material is preferably 1 to 1,000 parts by weight per 
part by weight of the acetylene high polymer. When the amount of the organic solvent is outside this range, 
it is difficult to obtain a porous acetylene high polymer which Is moldable. Lyophilization may be 

20 performed by methods usually practised in the art. For example, it may be performed while causing the 
frozen organic solvent to sublime by a vacuum device. The temperature at the time of lyophilization, which 
differs depending upon the organic solvent used, is usually in the range of -50 to 50*0. 

Since in the present invention, the concentration of the acetylene high polymer in the resulting gel can 
be freely adjusted by adjusting the polymerization conditions, the bulk density of the porous acetylene high 

25 polymer can be adjusted to range of 0.1 g/cm^ to 0,0001 g/cm^. 

The porous acetylene high polymer obtained by the process of this invention may be used as such or 
after it is molded into a molded article. 

The gel-like material used in the process of this invention for molding a high polymer of acetylene, 
which comprises pressing a gel-like material composed of 5 to 95% by weight of an acetylene high polymer 

30 having a fibril structure and 95 to 5% by weight of an organic solvent at a temperature of not more than 
100*C and a pressure of at least 0.1 MP.a (1 kg/cm^) may be a gel-like material composed of an acetylene 
high polymer having a fibril structure and an organic solvent which may be prepared by any method. A 
specific example is the process of this invention, but it is not limited to this process alone. The cis-trans 
ratio of the acetylene high polymer may be any desired ratio. 

35 • * There Is no particular restriction on the organic solvent used In this Invention, but typical organic 
solvents include aliphatic or aromatic hydrocarbons, halogenated hydrocarbons, ethers, carboxylate 
esters, acid anhydrides, and ketones. 

Typical exarnples are benzene, toluene, xylene, ethylbenzene, methyl phenyl ether (anisole), ethyl 
phenyl ether, diphenyl ether, n-dimethoxy benzene, p-dimethoxy benzene, n-diethoxybenzene, p- 

40 diethoxybenzene, 1 ,3,5-trim6thoxybenzene, pentane, hexane, heptane, octane, nonane, decano, 
cyclohexane, tetrahydrofuran, dioxane, diethyl ether and ethyl methyl ether. 

The organic solvent may be any one of the above organic solvents, or a mixture of at least two of them. 
After the termination of the polymerization of acetylene, a part of the aforesaid organic solvent may be 
replaced by a polar solvent such as an aliphatic or aromatic alcohol or a carboxyllc acid. 

45 It is permissible to remove a part of the polymerization solvent by an ordinary method, or wash the 
acetylene polymer with an organic solvent in order to remove the catalyst, after the termination of the 
polymerization of acetylene.Jt is essential in this invention that the acetylene polymer be maintained in the 
gelled state in the presence of organic solvent until it Is press-formed. If the acetylene polymer is dried 
before press-forming to remove all of the organic solvent, its molding becomes impossible. 

The proportion of the acetylene high polymer in the gel-like material used in this invention is 5 to 95% 
by weight. If the proportion of the acetylene high polymer in the gel-like material is less than 5% by weight 
It is difficult to produce a molded article having a uniform thickness. If, on the other hand, the proportion of 
the acetylene high polymer in the gel-like material exceeds 95% by weight, it is difficult to produce a 
molded article of any desired shape by press-forming. 

In the present invention, the temperature of press forming is not more than lOOX, preferably not more 
than 80°C. If it exceeds lOO^'C, oxidative degradation of the acetylene high polymer takes place. 
Accordingly, such temperatures are unsuitable. Press-forming at low temperatures is preferred because 
oxidative degradation of the acetylene high polymer does not take place. But molding at a temperature of 

6o not more than -50X is not practical. The molding pressure is at least 0.1 MPa {^ kg/cm*), preferably 0.5 
MPa (5 kg/cm^). If the pressure is less than 0.1 MPa (1 kg/cm^), it (s impossible to obtain molded articles 
having sufficiently high mechanical strength. A greater portion of the organic solvent is removed from the 
acetylene polymer at the time of press forming, but a small amount of the organic solvent may sometimes 
remain. The remaining organic solvent is sometimes not detrimental to the practical use of the polymer, 

65 but may be removed by, for exampi , vacuum drying. 
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The above process can easily afford a molded article having high mechanical strength and a desired 
shape and thickness. 

The acetylene high polymer so obtained has a very low electrical resistance, and exhibits electrical 
properties inherent to so-called semiconductors. 
5 The specific resistance of the molded article at room temperature is about 10® ohms-cm when its cis 

structure content is high, but decreases with an increasing content of the trans structure. A molded article 
comprising only a trans structure has a specific resistance of about 10' to 10* ohms-cm., and shows 
photoconductivity. 

The electrical conductivity of the resulting molded particle of acetylene high polymer can be freely 
to controlled over a range of from 10""^ to 10^ ohm"^ ♦ cm^' by doping it with an electron acceptor compound 
or an electron donor compound. 

Typical examples of the electron acceptor compound are iodine, bromine, bromine iodide, arsenic 
pentafluoride, antimony pentafluoride, silicon tetrafluoride, phosphorus pentachtoride, phosphorus 
pentafluoride, aluminum chloride, aluminum bromide, peroxydisulfuryl difluoride, sulfuric acid, nitric acid, 
75 fluorosulfuric acid, trifluoromethanesulfonic acid, chiorosulfuric acid, boron trichloride, boron tribromide, 
sulfur trioxide and nitrogen dioxide. Typical examples of the electron donor compounds are sodium, 
potassium and cesium. 

The following Examples illustrate the present invention in greater detail. 

20 Example 1 

[Method for preparation of a gel-like material] 

A 1 -liter glass reactor, purged completely with nitrogen gas, was charged successively with 200 ml of 
toluene purified in a customary manner as a polymerization solvent and 2.94 millimoles of tetrabutoxy 
titanium and 7.34 millimoles of triethyl aluminum as a catalyst at room temperature, and a catalyst solution 

25 was prepared. 

The catalyst solution was a uniform solution. The reactor was cooled with liquefied nitrogen, and 
nitrogen gas in the system was removed by a vacuum pump. 

The reactor was cooled to -78°C. While the catalyst solution was stirred by a magnetic stirrer, purified 
acetylene gas under a pressure of 0.1 MPa (1 atm.) was blown into the reactor. In the initial stage of the 

30 polymerization reaction, the entire system because agar-like, and was difficult to stir. While the pressure of 
the acetylene gas was maintained at 0.1 MPa (1 atm), the polymerization reaction was continued for 24 
hours. The system was gelatin-liko and assumed reddish violet. After the polymerization, the unreacted 
acetylene gas was removed, and while maintaining the temperature of the system at ~78°C, the reaction 
mixture was repeatedly washed four times with 200 ml of purified toluene. After the washing, the solution 

35 was lightly brownish, and the catalyst was not completely removed. The gel-like acetylene polynner swollen 
in toluene was a uniform product in which fibrous microcrystals (fibrils) having a diameter of 2 • 10~* to 
5- 10"* pm (200 — 500 A) were entangled irregularly. No powdery or lumpy polymer formed. 

[Method for processing the geMike material] 
40 The gel-like material was held between chrome-plated ferro plates, and press-formed at room 

temperature under a pressure of 10 MPa (100 kg/cm^). There was obtained a uniform flexible film of 
acetylene high polymer which had a reddish brown metallic luster and high mechanical strength. This film 
was a P-type semiconductor having an electrical conductivity (direct current four-probe method) of 
5.3x10-^ ohm^' • cm"^ at 20^0. 

45 

Example 2 

[Method for preparation of a gel-like material] 

A 1 -liter glass reactor completely purged with nitrogen gas was charged successively at room 

so temperature with 200 ml of anisole purified in a customary manner as a polymerization solvent and 0.294 
milHmole of tetrabutoxy. titanium and 1.50 millfmoles of triisobutyl aluminum as a catalyst, and a catalyst 
solution was prepared. The catalyst solution was a uniform solution. 

The reactor was cooled with liquefied nitrogen, and the nitrogen gas Inside was removed by a vacuum 
pump. Then, the temperature of the reactor was returned to room temperature, and while the catalyst 

55 solution was stirred with a magnetic stirrer, purified acetylene gas under a pressure of 0.1 MPa (1 atm.) was 
blown into the reactor. Ten minutes after the initiation of the polymerization, the entire system became a 
gelatin-lilce gel material. The stirring was continued, and while maintaining the pressure of acetylene gas at 
1 atmosphere for 24 hours the polymerization was continued. The entire system was gelatin-like and 
assumed blackish- brown. After the polymerization reaction, the unreacted acetylene gas was removed, and 

so the residue was washed repeatedly four times with 200 ml of a mixture of methanol and toluene (1:1 by 
volume). 

[Method for processing the gel-like material] 

The resulting gel-like material was the same uniform gel material as in Example 1. When it was 
55 press-formed in the same way as in Example 1, a uniform flexible film was obtained. 
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Example 3 

Preparation of a catalyst and polymerization of acetylene were perfomied in the same way as in 
Example 1 except that 5.0 mihimoles of trisacetylacetonatotitanium and 25.0 millimoles of triethyl 
aluminum were used instead of the tetrabutoxy titanium and triethyl aluminum used as catalyst 
components in Example 1. The same uniform gel-like material as in Example 1 was obtained. 

Example 4 

Preparation of a catalyst and polymerization of acetylene were performed in the same way as in 
Example 1 except that 5.0 millimoles of trisacetylacetonatoiron and 15.0 millimoles of triisobutyl aluminum 
were used Instead of the tetrabutoxytitanium and triethyl aluminum as catalysts components used in 
Example 1. The same uniform gel-like material as in Example 1 was obtained. 

Example 5 

Preparation of a catalyst and polymerization of acetylene were performed in the same way as in 
Example 2 except that 0.5 millimole of trrsacetylacetonatochromium and 2.5 millimoles of triisobutyl 
aluminum were used instead of the tetrabutoxy titanium and triisobutyl aluminum as catalyst components 
used in Example 2. The same uniform gel-like material as in Example 2 was obtained. 

Comparative Example 1 

A 1 -liter glass reactor completely purged with nitrogen gas was charged successively at room 
temperature with 200 ml of toluene purified in a customary manner as a polymerization solvent and 0.01 
millirnole of tetrabutoxy titanium and 0.1 millimole of triethyl aluminum as a catalyst, and a catalyst 
solution was prepared. The catalyst solution was a uniform solution. The reactor was cooled with liquefied 
nitrogen, and nitrogen gas In the system was removed by a vacuum pump. 

The reactor was cooled to -78*C, and while the catalyst solution was being stirred with a magnetic 
stirrer, purified acetylene gas under a pressure of 0,1 MPa (1 atm.) was blown into the catalyst solution. As 
the polymerization began, a blackish brown powder of acetylene high polymer began to precipitate- While 
the pressure of the acetylene gas was maintained at 0.1 MPa (1 atm.), the polymerization reactor was 
performed for 24 hours with stirring at -78^0. The resulting acetylene high polymer was powdery. 

The powdery acetylene high polymer was washed repeatedly four times with 200 ml of purified 
toluene, and then dried in vacuum to afford a powdery acetylene high polymer. 

The powdery acetylene high polymer was press-formed under a pressure of 10 MPa (100 kg/cm*) at 
room temperature between chromium-plated fe.rro plates. The resulting molded article was very brittle, 
and could not be obtained as a film. 

Comparative Example 2 

A 1-liter glass vessel purged completely with nitrogen gas was charged successively with 200 ml of 
toluene purified in a customary manner as a pojymerization soh/ent, 40 millimoles of tetrabutoxy titanium 
as a catalyst and 80 millimoles of triethyl aluminum, and a catalyst solution was prepared. The catalyst 
solution was a uniform solution. 

Using the resulting catalyst solution, acetylene was polymerized in the same way as in Example 1. A 
part of the resulting acetylene high polymer was gel-like, but a greater portion of it was a solid lumpy high 
polymer which separated as another phase. 

The polymer was post-treated in the same way as in Example 1, and then press-formed in the same 
way as in Example 1. A uniform film could not be obtained. 

Example 6 

Acetylene was polymerized in the same way as in Example 1 with the same catalyst system as used in 
Example 1 except that acetylene gas was blown while the polymerization system was kept stationary 
without stirring it. In the initial stage of polymerization, a film of a^gel-like polymer formed on the surface of 
the polymerization solvent, and when the polymerization was performed for 24 hours, the thickness of the 
film on the surface of the polymerization solvent Increased further. 

After the polymerization, the catalyst was removed in the same way as in Example 1, and then the 
film-like gel-like material was press-fomied between chrome-plated ferro plates under a pressure of 100 
MPa (1 t/cm*) to afford a uniform flexible film of acetylene high polymer which had a metallic luster and 
high mechanical strength. 

Example 7 

(Method for preparation of a gel-like material] 

A 1-llter glass reactor purged completely with nitrogen gas was charged with 200 ml of toluene purified 
in a customary manner as a polymerization solvent The reactor was cooled to -78"C, and nitrogen gas in 
the system was removed by a vacuum pump. Acetylene under a pressure of 0.1 MPa (1 atm.) was blown 
into the solvent to dissolve the acetylene to saturation. Then, as catalysts, 2.94 millimoles of tetrabutoxy 
titanium and 7.34 mtlllmoles of triethyl aluminum were successively charged into the reactor, and a catalyst 
solution was prepared. The catalyst solution was a uniform solution. 
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While the reactor was cooled at -78**C, purified acetylene gas under a pressure of 0.1 MPa (1 atm.) was 
blown into the reactor. In the initial stage of the polymerization reaction, the entire system was gelatin-like. 
While the pressure of acetylene gas was maintained at 0.1 MPa (1 atm,), the polymerization reaction was 
continued for 24 hours. The system was gelatin-like and assumed reddish violet. After the polymerization, 

5 the unreacted acetylene gas was removed, and while maintaining the temperature of the system at — 78°C, 
the product was repeatedly washed four times with 200 ml of purified toluene. After the washing, the 
solution was slightly brownish, and the catalyst was not completely removed. The resulting gel-tike 
acetylene polymer swollen in toluene was a geUlike material in which fibrous microcrystals (fibrils) having 
a diameter of 3 • 10"Mo 5 • 10"' pm (300 to 500 A) were entangled Irregularly. No powdery or lumpy 

io polymer formed. 

[Method for processing the gel-like material] 

The gel-Uke material was held between chrome-plated ferro plates, and press-formed at room 
temperature under a pressure of 10 MPa (100 kg/cm^) to afford a flexible film of acetylene high polymer 
rs which had a reddish brown metallic luster and high mechanical strength. 

The film was a P-type semiconductor having an electrical conductivity (direct current four-probe 
method) of 9.4x10"' ohm"^ cm"' at 20'C. 

Example 8 

20 Acetylene was polymerized in the same way as in Example 7 using the same catalyst system as in 
Example 7 except that n-heptane was used instead of toluene used as the polymerization solvent in 
Example 7. The same geHike material as in Example 7 was obtained. 

The gel-material was press-formed in the same way as in Example 7 to form a flexible film. 

is Example 9 

(Method for producing a gel-like materiall 

A 1-liter glass reactor completely purged with nitrogen gas was charged with 200 ml of anisole purified 

in a customary manner as a polymerization solvent and 0.294 millimole of tetrabutoxy titanium as a 

catalyst component. The reactor was cooled to -78**C, and nitrogen gas in the system was removed by a 
30 vacuum pump. Then, acetylene gas under a pressure of 0.1 MPa (1 atm.) was blown into the reactor to 

dissolve acetylene to saturation. Then, 1.50 milltmoles of triisobutyl aluminum was charged to prepare a 

catalyst solution. The catalyst solution was a uniform solution. 

The temperature of the reactor was returned to room temperature, and purified acetylene gas under a 

pressure of 0.1 MPa (1 atm.) was blown Into the reactor. In 10 minutes after the initiation of the 
36 polymerization reaction, the entire system became a gelatin-like gel-like material. The polymerization was 

continued for 24 hours while maintaining the pressure of acetylene gas at 0.1 MPa (1 atm.). The entire 

system was gelatin-like and assumed blackish brow/i. After the polymerization reaction, the unreacted 

acetylene gas was removed, and the residue was washed repeatedly four times with 200 ml of a mixture of 

methanol and toluene (1:5 by volume). 

40 

[Method for processing the gel-like material] 

The resulting gel-like material was the same gel-like material as obtained in Example 7. When it was 
press-formed in the same way as in Example 7, a uniform film was obtained. The film was a P-type 
semiconductor having an electrical conductivity of 2.5x10"'* ohm"^ •cm~\ 

45 

Example 10 

Preparation of a catalyst and polymerization of acetylene were performed in the same way as in 
Example 7 except that 5.0 millimoles of trisacetylacetonatotitanium and 25.0 millimoles of triethyl 
aluminum were used instead of the tetrabutoxy titanium and triethyl aluminum as catalyst ingredients 
so used In Example 7. The same gel-like material as in Example 7 was obtained. 

Example 11 

Preparation of a catalyst and polymerization of acetylene were performed in the same way as in 
Example 7 except that 5.0 millimoles of trisacetylacetonatoiron and 15.0 millimoles of triisobutyl aluminum 
55 were used instead of the tetrabutoxy titanium and triethyl aluminum used as catalyst ingredients in 
Example 7. The same gel-like material as in Example 7 was obtained. 

Example 12 

Preparation of a catalyst and polymerization .of acetylene were carried out In the same way as in 
6o Example 9 except that 0.5 millimole of trisacetylacetonatochromium and 2.5 millimoles of triisobutyl 
aluminum were used Instead of the tetrabutoxy titanium and triisobutyl aluminum used as catalyst 
ingredients in Example 9. The same gel-like material as In Example 9 was obtained. 

Comparative Example 3 

6S A 1-llter glass reactor completely purged with nitrogen gas was charged with 200 ml of toluene purified 
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in a customary manner as a polymerization solvent, and the reactor was cooled to --78°C. Nitrogen gas in 
the system was removed by a vacuum pump, and acetylene under a pressure of 0.1 MPa (1 atm.) was 
blown into the reactor, to dissolve acetylene to saturation. Then, as catalysts, 0.01 miilimole of tetrabutoxy 
titanium and 0.1 miilimole of triethyi aluminum were successively charged into the reactor at — 78X to 

5 prepare a catalyst solution. The reactor was cooled with liquefied nitrogen, and nitrogen gas In the system 
was removed by a vacuum pump. 

While the reactor was cooled at -78**C, purified acetylene gas under a pressure of 1 atmosphere was 
blown into the reactor. As the polymerization began, an acetylene high polymer began to precipitate aa a 
blackish brown powder. While the pressure of acetylene gas was maintained at 0.1 MPa (1 atm.h the 

10 polymerization reaction was performed at -78*C for 24 hours. The resulting acetylene high polymer was 
powdery. 

The powdery acetylene high polymer was washed repeatedly four times with 200 ml of purified 
toluene, and vacuum dried to form a powdery acetylene high polymer. 

The polymer was held between chrome-piated ferro plates, and press-formed at room temperature 
15 under a pressure of -10 MPa (100 kg/cm'). The resulting molded article was very brittle, and was not 
obtained as a film. 

Comparative Example 4 

A 1 -liter glass vessel purged completely with nitrogen gas was charged with 200 ml of toluene purified 
20 in a customary manner as a polymerization solvent. The vessel was cooled to — 78°C, and nitrogen gas in 

the system was removed by a vacuum pump. Then, acetylene gas under a pressure of 1 atmosphere was 

blown into the vessel to dissolve the acetylene to saturation. THen, as catalysts, 40 mflllmoles of 

tetrabutoxy titanium and 80 millimoles of triethyi aluminum were successively charged to prepare a 

catalyst solution. The catalyst solution was a uniform solution. 
2S Acetylene was polymerized in the same way as In Example 7 using the resulting catalyst solution. A 

part of the resulting acetylene high polymer was a gel*like material, but a greater portion of it was a solid 

lumpy high polymer which separated as another phase. 

The product was post-treated in the same way as in Example 7, and press-formed in the same way as in 

Example 7. A uniform film could not be obtained, 

30 

Example 13 

(Method for producing a gel-like material] 

A 1 -liter glass reactor purged completely with nitrogen gas was charged successively at room 
temperature with 200 ml of n-heptane purified in a customary manner as a polymerization solvent and 2.94 

35 millimoles of tetrabutoxy titanium and 11.76 millimoles of triethyi alCiminum as a catalyst, and a catalyst 
solution was prepared. The catalyst solution was a uniform solution. The reactor was cooled with liquefied 
nitrogen, and nitrogen gas in the system was removed by a vacuum pump. 

The reactor was cooled to -78^, and while stirring the catalyst solution with a magnetic stirrer, 
purified acetylene gas under a pressure of 0.1 MPa (1 atm.) was blown into the reactor. In the initial stage of 

40 the reaction, the entire system was gelatin*like, and was difficult to stir. While the pressure of the acetylene 
gas was maintained at 0,1 MPa (1 atm.), the polymerization was performed for 24 houra. The system was 
gelatin-like and assumed reddish violet. After the polymerization, the unreacted acetylene gas was 
removed, and while maintaining the temperature of the system at — 78"C^ the residue was washed 
repeatedly four times with 200 ml of purified n-heptane. After the washing, the solution was slightly 

46 brownish, and the catalyst was not completely removed. The gei-lilce acetylene high polymer swollen in 
n-heptane was a polymer fn which fibrous microcrystals (fibrils) having a diameter of 3 • 10'^ to 5 • 1 0"' |am 
(300 to 500 A) were irregulariy entangled. 

[Method for processing the gel-like material! 
50 The gei-lilce material was held between chrome-plated ferro plates, and press-formed at room 
temperature under a pressure of 10 MPa (100 kg/cm^) to afford a flexible film of acetylene high polymer 
which had a reddish brown metallic luster. 

The film was a P-type semiconductor having an electrical conductivity (direct current four-probe 
method) of 6.5x10'^ ohm"' - cm"' at 20*C. 

ss 

Example 14 

[Method for producing a gel-like material] 

A 1 -liter glass reactor purged completely with nitrogen gas was charged successively at room 
temperature with 200 ml of diethyl ether purified in a customary manner as a polymerization solvent and 
6o 0.29 miilimole of tetrabutoxy titanium and 1.76 millimoles of triisobutyl aluminum as a catalyst, and a 
catalyst solution was prepared. The catalyst solution was a uniform solution. 

The reactor was cooled with liquefied nitrogen, and nitrogen gas in the system was removed by a 
vacuum pump. Then, the temperature of the reactor was return d to ro m temperature, and whil the 
catalyst solution was being stirred with a magnetic stirrer, purifi d acetylene gas under a pressure of 0.1 
55 MPa (1 atm.) was blown into the reactor. Ten minutes after the initiation of the poiymerizati n reaction, the 

10 
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entire system bpcame a gelatin-like gel-like material. With continued stirring, the polymerization was 
continued for 24 hours while maintaining the pressure of the acetylene gas at 0.1 MPa (1 atm.). The entire 
system was gelatin-like and assumed blackish brown. After the polymerization reaction, the unreacted 
acetylene gas was removed, and the residue was repeatedly washed four times with a 200 ml of a mixture 
5 of methanol and diethyl ether (1:2 by volume). 

[Method for molding the gel-like material} 

The resulting gel-like material was the same get-like material as obtained in Example 13. When it was 
press-formed in the same way as in Example 13, a flexible film was obtained. 

70 

Example 15 

Preparation of a catalyst and polymerization of acetylene were performed in the same way as in 
Example 13 except that 5.0 millimoies of trisacetylacetonatotitanium and 27.0 milllmoles of triethyl 
aluminum were used instead of the tetrabutoxy titanium and triethyl aluminum used as catalyst 
js ingredients in Example 13, and that tetrahydrofuran was used instead of n-heptane. The same gel-like 
material as in Example 13 was obtained. 

Example 16 

Preparation of a catalyst and polymerization of acetylene were carried out In the same way as In 
20 Example 13 except that 5.0 millimoies of tnsacetylacetonatoiron and 25.0 millimoies of triisobutyl 
aluminum were used instead of the tetrabutoxy titanium and triethyl aluminum used as catalyst 
ingredients in Example 13. The same geMike material as in Example 13 was obtained. 

Example 17 

25 Preparation of a catalyst and polymerization of acetylene were carried out in the same way as in 
Example 14 except that 0.5 millimole of trisacetylacetonatochromium and 2.5 millimoies of triisobutyl 
aluminum were used instead of the tetrabutoxytitanium and triisobutyl aluminum as catalyst components 
used in Example 14. The same gel-like material as in Example 14 was obtained. 

30 Comparative Example 5 

A 1-liter glass reactor purged completely with nitrogen gas was charged successively at room 
temperature with 200 ml of n-heptane purified in a customary manner as a polymerization solvent and 0.01 
millimole of tetrabutoxy titanium and 0.1 mlillmote of triethyl aluminum, and a catalyst solution was 
prepared. The catalyst solution was a uniform solution*. The reactor was cooled with liquefied nitrogen, and 
3S the nitrogen gas in the system wes removed by a vacuum pump. 

The reactor was cooled to — 78°C, and while the catalyst solution was being stirred with a magnetic 
stirrer, purified acetylene gas under a pressure of 1 atmosphere was blown into the reactor. As the 
polymerization began, a blackish brown acetylene high polymer began to precipitate as a powder. Whil 
the pressure of the acetylene gas was maintained at 1 atmosphere, the polymerization was performed with 
40 stirring at -78*C for 24 hours. The resulting acetylene high polymer was a powder. 

The powdery acetylene high polymer was repeatedly washed four times with 200 ml of purified 
n-heptane, and vacuum dried to afford a powdery acetylene high polymer. 

The powdery acetylene high polymer was held between chrome-plated ferro plates, and press-formed 
at room temperature under a pressure of 10 MPa (100 kg/cm^). The resulting molded article was very brittle, 
4S and could not be obtained as a film. 

Comparative Example 6 

A 1-liter glass vessel completely purged with nitrogen gas was charged successively with 200 ml of 
purified n-heptane in a customary manner as a polymerization solvent and 40 millimoies of tetrabutoxy 
so titanium and 80 millimoies of triethyl aluminum as a catalyst^ and a catalyst solution was prepared. The 
catalyst solution was a uniform solution. 

Acetylene was polymerized in the same way as in Example 13 using the resulting catalyst solution. A 
part of the resulting acetylene high polymer was a gel-like material, but a greater portion of it was a solid 
lumpy high polymer which separated as another phase. 
S8 The polymerization product was post-treated in the same way as in Example 1 3 and then press-form d 
in the same way as in Example 13. A uniform film could not be obtained. 

Example 18 

[iVIethod for producing a gel-like material] 

60 A 1 -liter glass reactor completely purged with nitrogen-gas was charged successively at room 
temperature with 200 ml of toluene purified In a customary manner as a polymerization solvent and 2.94 
millimoies of tetrabutoxy titanium and 7.34 millimoies of triethyl aluminum as a catalyst, and a catalyst 
solution was prepared. The catalyst solution was a uniform solution. The reactor was cooled with liquefi d 
nitrogen, and nitrogen gas in the system was removed by a vacuum pump. 

68 Th react r was cooled t — 78^ and while the catalyst solution was stirred with a magnetic stirr r. 
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purified acetylene gas under a pressure of 0.1 MPa (1 atm.) was blown into the reactor. In the initial stage of 
the polymerization reactor, the entire system was gelatin-like, and was difficult to stir. 

While the pressure of the acetylene gas was maintained at 1 atmosphere, the polymerization was 
continued for 24 hours. The system was gelatin-like and assumed reddish violet. After the polymerization, 
5 the unreacted acetylene gas was removed, and while the temperature of the system was maintained at 
-78°C, the polymerization product was washed repeatedly four times with 200 ml of purified toluene. After 
the washing, the solution was slightly brownish, and the catalyst was not completely removed. The gel-like 
acetylene polymer swollen in toluene was a polymer in which fibrils were irregularly entangled. No 
powdery or lumpy polymer formed. 

to 

[Process for producing a porous product) 

The temperature of the system was raised to 10'C, and then the product was washed repeatedly four 
times with 200 ml of benzene to substitute benzene for a greater portion of the toluene in the system. The 
resulting gel-like material was dried under vacuum at room temperature. Benzene was solfdifiGd by its own 

75 heat of evaporation. Vacuum drying was continued to perform lyophilization, thereby giving a porous 
acetylene high polymer having a bulk density of 0.08 g/cm^ In which the shape and dimension of the 
gel-like material were retained. Observation of the polymer by a scanning electron microscope showed that 
it had a fibril structure with a diameter of 2 • 10~* to 3 • 10"' ^m (200 to 300 A). 

The porous acetylene high polymer was a P-typa semiconductor having a cis content of 94% and an 

20 electrical conductivity {direct current four-probe method) of 4.7xl0~® ohm"^ ■ cm"\ 

[Method for processing the porous product] 

The porous acetylene high polymer was press-formed at room temperature under a pressure of 10 
MPa (100 kg/cm*) to afford a tough film-like acetylene high polymer having a bulk density of 0.80 g/cm*. 
25 This film-like acetylene high polymer was a P-type semiconductor having an electrical conductivitv of 
1.2X10-" ohm-' cm-^ 

[Doping and result] 

The film-like acetylene high polymer was put into a reaction vessel, and the air inside was removed. 
30 About 2 gr of Iodine as an electron acceptor compound was put Into it to treat the film-like acetylene high 
polymer for 2 hours. By treatment with Iodine, the weight of the film-like acetylene high polymer increased 
by 190%, and its electrical conductivity was 108 ohm"' cm":'. 

Comparative Example 7 

35 The acetylene high polymer gel-like material obtained in Example 18 was slowly dried under vacuum • 
at room temperature without replacing toluene therein by benzene. Thus, a film-like acetylene high 
polymer having a bulk density of 0^54 g/cm=* was obtained. The resulting film-like acetylene high polymer 
was tough and was not moldable. 

40 Example 19 

[Method for producing gel-like material] 

A 1 -liter glass reactor purged completely with nitrogen gas was charged successively at room 

temperature with 200 ml of benzene purified in a customary manner as a polymerization catalyst, and 0.294 

mitlimole and of tetrabutoxy titanium and 1.50 millimole of trilsobutyl aluminum as a catalyst, and a 
45 catalyst solution was prepared. The catalyst solution was a uniform solution. The reactor was cooled with 

liquefied nitrogen, and nitrogen gas in the system was removed by a vacuum pump. 

The temperature of the reactor was retumed to room temperature, and while stirring the catalyst 

solution with a magnetic stirrer, purified acetylene gas under a pressure of 0.1 MPa (1 atm.) was blown into 

the reactor. When the polymerization reaction proceeded for about 10 minutes, the entire system became a 
50 gelatin-like gel-like material. With continued stirring, the polymerization was continued for 24 hours while 

maintaining the pressure of acetylene gas at 0.1 MPa (1 atm.)r 

The entire system was gelatin-like and assumed blackish brown. After the polymerization reaction, the 

unreacted acetylene gas was removed, and the residue was repeatedly washed four times with 200 ml of 

benzene. 

55 

[Method for producing a porous product] 

The resulting gel-like material was lyophilized at room temperature to afford a porous acetylene high 
polymer in which the shape and dimension of the gel-like material were retained. The porous acetylene 
high polymer had the same fibril structure as the polymer obtained in Example 18, and was a P-type 
50 semiconductor having a bulk density of 0.04 g/cm', a cis content of 60% and an electrical conductivitv of 
5.7X10"^ Ohm-' cm"'. 

[Method for processing the porous poroduct] 

The porous acetylene high polymer was press-formed in the same way as in Example 18 to afford a 
55 tough molded article having a bulk density of 0.82 g/cm*. 
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Example 20 

The geMike material of acetylene high polymer obtained in Example 18 was lyophilized in the same 
way as In Example 18 except that toluene in the geMike material was replaced by 1,4-dloxane instead of 
benzene. Thus, a porous acetylene high polymer having a bulk density of 0.075 g/cm^ was obtained. 

6 

Example 21 

[Method for producing a gel-like material] 

A Vllter glass reactor purged completely with nitrogen gas was charged successively with at room 
temperature with 200 ml of toluene purified in a customary manner as a polymerization solvent and 2.94 
fo mlllimoles of tetrabutoxy titanium and 7.34 milllmoles of trtethyl aluminum as a catalyst in this order. The 
catalyst solution was a uniform solution. The reactor was cooled with liquefied nitrogen, and nitrogen gas 
in the system was removed by a vacuum pump. The reactor was cooled to —78*^0, and while stirring the 
catalyst solution with a magnetic stirrer, purified acetylene gas under a pressure of 0.1 MPa (1 atm.) was 
blown into the reactor. In the initial stage of the polymerization reaction, the entire system became 
/5 gelatin-like, and was difficult to stir. 

The polymerization reaction was continued for 24 hours while the pressure of the acetylene gas was 
maintained at 0.1 MPa (1 atm.). The system was gelatin-like and assumed reddish violet. After the 
polymerization, the unreacted acetylene gas was removed, and while maintaining the temperature of the 
system at — 78^C, the residue was repeatedly washed four times with 200 ml of purified toluehe. After the 
20 washing the solution was slightly brownish, and the catalyst was not completely removed. The gel-like 
acetylene polymer swollen in toluene was a uniform gel-like material In which fibrils having a diameter of 
2 • 10"' to 5 • 10~* \im {200 to 300 A)- were irreguiariy entangled. No powdery or lumpy polymer formed. 

A part of the uniform gel-like material was taken out and dried, and the amount of the acetylene high 
polymer in the gel-like material was measured. It was found that the acetylene high polymer was contained 
2s In an amount of 10% by weight In the geMike material. 

[Method for press-forming the geMike material] 

The above gel-like material was put into a rectangular mold having an inside thickness of 10 mm, an 
inside length of 1 00 mm and an inside width of 50 mm, and held between chrome-plated ferro plates. It was 
30 press-formed under a pressure of 10 MPa (100 kg/cm^) at room temperature while removing toluene. A 
flexible tough film-like article having a thickness of 5 mm was obtained. This film-like molded article was a 
P-type semiconductor having an electrical conductivity (measured by a direct current four-probe method) 
of 5x10"" ohm"' -cm-' at 20X. 

j5 [Doping and results] 

The film-like molded article was put into a flask, and the air inside was removed by a vacuum pump. 
Then, iodine gas was introduced at the vapour pressure of iodine at room temperature, and the film-Hke 
article was treated with iodine for 1 hour. After treating it for 1 hour, the unreacted iodine was removed by a 
vacuum pump to obtain an iodine-treated film-like molded article. The iodine-treated film-iike molded 

40 article was a P-type semiconductor having an electrical conductivity of 95 ohm"' • cm~^ at 20*C. 

Example 22 

[Method for press-forming a gel-like material] 

The uniform gel-like material obtained by polymerization in Exarriple 21 (containing 10% by weight of 
45 acetylene high polymer) waa dried In vacuum to afford a gel-like material containing 50% by weight of 
acetylene high polymer. 

The geMike material was put into a cylindrical mold having a radius of 50 mm, and molded under a 
pressure of 20 MPa (200 kg/cm^) at room temperature while removing toluene. Thus, a tough flexible 
cylindrical molded article having a thickness of 12 mm was obtained. This molded article was a P-type 
so semiconductor having an electrical conductivity of 4.1x10'* ohm~^ • cm"^ at 20*C. 

[Doping and results] 

The molded article was put Into a flask, and after removing the air inside by a vacuum pipe, was treated 
with a vapour of arsenic pentafluoride. The arsenic pentafluoride-treated molded article was a P-type 
55 semiconductor having an electrical conductivity of 550 ohm~^ • cm'^ at 20°C. 

Example 23 

[Method for producing a geMike material] 

A uniform geMike material was formed by performing preparation of a catalyst and polymerization of 
60 acetylene in the same way as in Example 21 except that anisole was used Instead of toluene used as the 
polymerization solvent in Example 21. This geMike material contained 12% by weight of acetylene high 
polymer. 

[Method for press-forming the geMike material] 
6S This gel-like material was dried In vacuum to enrich its acetylene polymer content t 70% by weight. 
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The concentrated product was put Into a cylindrical mold having an inside radius of 50 mm, and 
press-formed at room temperature under a pressure of 25 MPa (250 kg/cm^) while removing anisole to 
afford a tough flexible cylindrical article having a thickness of 25 mm. This molded article was a P-type 
semiconductor having an electrical conductivity of 5.5x10"' ohm"' cm"' at 20*0. 

5 

[Doping and results] 

The molded article was put Into a flask, and the air inside was removed by a vacuum pump. Then, it 
was treated with a vapor of sulfur trioxide. The resulting sulfur trioxide-treated article was a P-type 
semiconductor having an electrical conductivity of 620 ohm"' • cm"' at 20"C. 

io 

Example 24 

[Method for producing a gel-like material] 

A uniform gel-like material was formed by performing preparation of a catalyst and polymerization of 
acetylene in the same way as in Example 21 except that the polymerization of acetylene in Example 21 w.as 
IS carried out at room temperature. The gel-like material contained 18% by weight of acetylene high polymer. 

(Method for press-forming the gel-fike material] 

The gel-like material was dried in vacuum to enrich its acetylene polymer content to 40% by weight. 
The concentrated product was press-formed In the same way as in Example 23 to afford a cylindrical 
20 molded article. This molded article was a P-type semiconductor having an electrical conducthritv of 
2.7x10"* ohm"' cm"' at 20'*C. 

[Doping and results] 

The molded article was treated with iodine by the same method as In Example 21. The resulting 
25 iodine-treated molded article was a P-type semiconductor having an electrical conducthdtv of 18 
ohm"' • cm"' at 20^0. 

Characteristics in industrial utilization 

The geWike composition composed of an acetylene high polymer having a fibril structure and an 

30 organic solvent produced by the process of this invention or the porous acetylene high polymer obtained 
by lyophillzing the gel-like composition is very useful fn Industry because it can be easily formed into a 
molded article having a desired thickness and a desired shape and high mechanical strength by the 
press-fornilng process of this Invention. The resulting molded article of acetylene high polymer has a very 
low electrical resistance, and shows electrical properties inherent to So-called semiconductors. 

38 The specific resistance of the molded article at room temperature is about 10* ohms-cm when its cis 
Structure content is high, but decreases as the trans structure content Increases. A molded article having 
only the trans structure has a specific resistance of about 10'* to 10* ohms-cm. Furthermore the molded 
article show photoconductivity. By utilizing the aforesaid electrical properties, the acetylene high polymer 
can be used as an organic semiconductor material for the production of electrical appliance parts such as 

40 electrical resistance elements, thermosensitive elements and photosensitive elements. 

By doping the resulting molded article of acetylene high polymer with an electron acceptor compound 
or an electron donor compound, its electrical conductivity can be freely controlled over a wide ranae of 
from 10"» to 10* ohm"' • cm"\ 

Typical examples of the electron acceptor compound includes iodine, bromine, bromine iodide, 

4S arsenic pentafluoride, antimony pentafluoride, silicon tetrafluoride, phosphorus pentachloride' 
phosphorus pentafluoride, aluminum chloride, aluminum bromide, peroxydisulfuryl difluoride, sulfuric 
acid, nitric acid, fluorosulfuric acid, trifluoromethanesulfonic acid, chlorosulfuric acid, boron trichloride, 
boron tribromide, sulfur trioxide, and nitrogen dioxide. Typical examples of the electron donor compound 
are sodium, potassium and cesium. The resulting electrically conductive acetylene high polymer is a P-type 

50 or N-typa semiconductor whose electrical conductivity can be freely controlled over a range of 10"® to 10' 
ohm"' • cm"' by the typo and amount of the electron acceptor compound. The conductive acetylene high 
polymer can directly be used as a conductive material useful as flexible electrical and electronics elements, 
and also can be easily formed into a P— N heterojunction element in combination with an N-type or P-type 
semiconductor. The acetylene high polymer has a band gap energy of 1.6 eV to 1.9 eV, and shows 

55 photoconduction under visible light. Because of this, it is also useful as a material for various 
photoelectrical converter elements such as solar calls and photosensers. 



Claims 

60 

1. A process for molding an acetylene high polymer, which comprises press-forming a gel-like 
composition composed of 5 to 95% by weight of an acetylene high polymer having a fibril structure and 95 
to 5% by weight of an organic solvent. 

2. The process for molding an acetylene high polymer set forth in claim 1 wherein the press-forming is 
55 carried out at a temperature of not more than 100"C. 
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3. Th process for molding an acetylene high polymer set forth in claim 1 wherein the press-forming is 
carried out at a pressure of at least 0.1 MPa (1.0 kg/cm^). 

4. The process for molding an acetylene high polymer set forth in claim 1 wherein the organic solvent 
is an aliphatic or aromatic compound selected from hydrocarbons, halogenated hydrocarbons, ethers, 

5 carboxylate esters, acid anhydrides and ketones. 

5. A process for producing a porous acetylene high polymer which comprises lyophilizing a gel-lik 
composition composed of 1 part by weight of an acetylene high polymer having a fibril structure and 1 to 
1,000 parts by weight of an organic solvent 

6. The process for producing a porous acetylene high polymer set forth in claim 5 wherein the organic 
JO solvent has a freezing point of -50 to BOX. 

7. The process for produdng a porous acetylene high polymer set forth in claim 5 wherein the organic 
solvent is benzene, orthO'dichlorobenzene, cyctohexanone, benzyl alcohol, benzonitrile, djethylene glycol, 
methyl salicylate, formamide, nitrobenzene, cyclohexane, formic acid, dioxane, m-cresol, p-xylene or acetic 
acid. 

15 

PatentansprOche 

1. Verfahren zum Formen sines Azetylen Hochpolymers, dadurch gekennzeichnet, dass man eine 
Gel-Shnliche aus 6 bis 95 Gew.% eines mit Filbrillenstruktur Azetylen Hochpolymers und aus 95 bis 5 Gew. 

20 % eInes organischen Ldsungsmittels Zusammensetzung in Formen presst 

2. Verfahren nach Anspruch 1, dadurch gekennzelchnet, dass man das In Formen Pressen bet einer 
nicht hdheren ais 100*6 Temperatur durchfuhrL 

3. Verfahren nach Anspruch 1, dadurch gekennzeichnet dass man das in Formen Pressen untereinem 
Druck von mindestens 0,1 MPa durchfuhrt. 

25 4. Verfahren nach Anspruch 1 , dadurch gekennzeichnet, dass das organlsche Ldsungsmlttel ein aus der 
Gruppe der Kohlenwasserstoffen, der Halogenkohlenwassarstoffen, der Aetheren, derCarbonsdure-estem, 
der Carbonsdure-anhydriden und der Ketonen gewShltes aliphatisches oder aromatisches Ldsungsmtttel 
ist. 

5. Verfahren zur Herstellung eInes pordsen Azetylen Hochpolymers dadurch gekennzeichnet dass man 
JO ein Gel-dhnllche aus 1 Gewichtsteil eines mit Rbriltenstruktur Azetylen Hochpolymers und 1 bis 100 

Gewichtsteilen eines organischen Ldsungsmittels Zusammensetzung gefriertrocknet 

6. Verfahren nach Anspruch 5, dadurch gekennzeichnet dass das organlsche Ldsungsmittel einen 
Gefrierpunfkt zwischen -50 und -f50*C aufweist 

7. Verfahren nach Anspruch 5, dadurch gekennzeichnet, dass das organlsche Ldsungsmtttel aus der 
35 Gruppe Benzol, o-dichlorobenzol, cycio-hexanone, Benzyl-alkohol, Benzonitrit, Didthylen-glykol, Salicyt- 

sSuremethylester, Ameisensaure*amid, Nitrobenzol, Cyclohexane, Ameisensaure, Dioxane, m-cresol, 
p-xylpl und Essigsdure gewdhit wird. 

Revendtcatiorls 

40 

1. Procddd de moulage d'un haut polym6re d'ac6tyldne, qui constste ^ former h la presse une 
composition analogue k un gel, constitute de 5 & 95% en poids d'un haut polymtra d'acdtyldne prtsentant 
une structure fibrillaire et de 95 d 5% en poids d'un soivant organique. 

2. ProctdS de moulage d'un haut polymdre d'acttyldne selon la revendication 1, dans fequel le 
43 formage k la presse est effectud d une temperature ne ddpassant pas lOO^C. 

3. Proc^d^ de moulage d'un haut polymdre d'acdtyldne. selon la revendication 1, dans lequel le 
formage d la presse est effectut k une pression d'au moins 0,1 MPa (1,0 kg/cm^). 

4. Procddd de moulage d'un haut polym^re d'ac^tyldne selon la revendication 1, dans lequel le soivant 
organique est un compost aliphatique ou aromatique choisi entre.des hydrocarbures, des hydrocarbures 

so halogdn^s, des Others, des esters carboxyliques, des anhydrides d'acides et des cdtones. 

5. Procddd de production d'un haut polymdre poreux d'acdtyldne qui consists k lyophiliser une 
composition analogue k un get constitute de 1 partie en poids d'un haut potymtre d'acttyltne prdsentant 
une structure fibrillaire et de 1 ^ 1000 parties en poids d'un soivant organique. 

6. Proctdd de production d'un haut polymdre poreux d'acetyldne selon la revendication 5, dans lequel 
55 le solvent organique prtsente un point de congelation de -50 k SOX. 

7. Proctdi de production d'un haut potymtre poreux d'acttyldne selon la revendication 5, dans lequel 
le soivant organique est le benzene, I'ortho-dichlorobenzdne, la cyclohexanone, i'alcool benzyllque, le 
benzonitrile, le diethyltne-glycol, le salicylate de mtthyle, le fbrmamide, le nitrobenzene, le cyclohexane, 
raclde formlque, le dioxanne, te m-crtsol, le p-xyldne ou I'acide acttique. 

60 
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